INTRODUCTION

S
occer kick is the main offensive action during the game; hence, those teams enjoying more kicks on the target have better chances to score and consequently win a game. Soccer kicking involves the controlled recruitment of a large number of muscles in a way that during such a kick, the input of muscle force to the leg system is typically evaluated considering the nature of the resultant joint moment acting at a particular joint (4, 8) . Success of an instep soccer kick depends on various factors including the distance of the kick from the goal, the type of kick used, the air resistance, and the technique of the main kick which is best described using biomechanical analysis for this reason, and improvement of soccer instep kick (SIK) technique is one of the most important aims of training programs for players (4) .
Sport biomechanics through technique and performance analysis helps coaches and trainers to observe movement pattern and subsequently, improve it to the appropriate sequence of motions in which the skill is performed. Three dimensional kinematics of the movement (7, 9) , joint and segmental moments that drive the movement (8, 9) , mechanisms of soccer performance and various factors affecting the soccer kick biomechanics including age, gender, limb dominance, and fatigue (2-4) have been widely covered. According to such researches, high coordination in intersegmental of lower extremity motions during SIK result in high ball velocity that is one of the main targets of coaches, trainers, and even strength and conditioning coaches to have a better chance for scoring during games (3). Coaches design specific and individual trainings in a way that the players are required to kick the ball consecutively until their muscles fatigue. It is common practice for coaches to administer more than 10 consecutive SIK during training. However, little information is available on the number of trials necessary to achieve performance stability and biomechanical high responses for SIK using biomechanical analysis in designing the kicking training.
Therefore, the purposes of the study in 10 consecutive instep kicks are (a) to determine the optimal number of trials to maintain biomechanical high responses of lower extremity and (b) to compare lower extremity biomechanics decreasing rate between the phases of the (a) first kick (K 1 ) to the number RESEARCH NOTE of kick that was significantly decreased and (b) the number of kick thereafter to the tenth kick (K 10 ). Thus, we aimed to test the hypotheses that 10 consecutive kicks will not maintain optimal biomechanical responses required to produce highball velocity.
METHODS
Experimental Approach to the Problem
In a within-subjects experimental design to examine biomechanical stability and responses of thigh and lower leg during 10 consecutive soccer instep kicks in experienced adult male soccer players, each subject has been asked to kick the ball 10 times consecutively as strongly as possible. Threedimensional biomechanical analysis by 6 synchronized highspeed infrared cameras were used to capture at 200 Hz and then digitizing 16 landmarks. Finally, biomechanical responses of thigh and lower leg segmental and also ball velocity from each instep kick was analyzed and compared with another instep kick.
Subjects
Five highly experienced and skilled adult male soccer players (height: 184.60 6 4.49 cm; mass: 80 6 4.24 kg; age: 25.60 6 1.14 years; and years of experience: 14.6 6 1.67 years), who were training regularly and also had no history of major lower limb injury or disease, volunteered to participate in this study.
The sport ethics committee of the university gave approval for all procedures. Subjects were required to report to our research laboratory and also complete a medical questionnaire and declare their consent.
Procedures
The flow of the experiment is illustrated in Figure 1 . After an adequate warm-up, each participant performed 10 maximal velocity instep kicks of a stationary ball (a Fédération Internationale de Football Association [FIFA]-approved size 5). A ball was kicked 3 m toward a target of 131 m. Because it was easy to hit the target and such a distance might have reduced accuracy, the participants were asked to hit the ball as hard as possible. To minimize movement in the frontal plane, the participants were restricted to a 3-m straight run-up from a position directly behind the ball at an approach angle of 0°.
Six synchronized high-speed infrared cameras (MX-F20, Vicon Motion Systems, Oxford, UK) were used to capture limb motion at 200 Hz. Once the cameras were positioned into the appropriate locations (performance area), they were then calibrated to define their own volume origin. Kistler Force Platform Type 9281CA with built-in amplifier (type 5233A2 control unit with integrated 8-channel charge amplifier, 600 3 400 sandwich top-plate) was used to capture the kinetic data. A motion capture software (Vicon Nexus 1.2) was used to digitize body landmarks, including the bony anatomical landmarks of the right and left anterior superior iliac spine, posterior superior iliac spine, midway between the posterior superior iliac spines, lateral epicondyle of knee, thigh; over the lower lateral one-third surface of the thigh, lateral malleolus, shank; over the lower one-third of the shank, over the second metatarsal head and calcaneous. The biomechanical parameters; maximum thigh angular velocity (TAV), maximum lower leg angular velocity (LAV), maximum thigh moment (TM), maximum lower leg moment (LT) at forward and impact phases, and finally maximum ball velocity (BV) after impact were selected to be analyzed. The ball velocity was calculated using the method of Lees (5, 6) .
Statistical Analyses
An analysis of variance (1-way ANOVA) was conducted to examine significance within variables and Tukey's posttest was used to compare each of 
DISCUSSION
The findings of this study showed that there was a significant decrease of BV between the first (BV 1 ; 30.85 6 0.29 mÁs 21 ) and the fifth kick (BV 5 ; 30.32 6 0.13 mÁs 21 ) and the subsequent kicks thereafter. The range in ball velocities of the instep kick measured in the present study was within the range of average values (24.7-29.9 mÁs 21 ) as reported previously (1, 3, (7) (8) (9) and their skill matched. We found that the BV 5 was significantly decreased in relation to the first kick that shows that the high response in BV was maintained during the first 4 kicks. Subsequently, the rate of BV decrease became higher (8.304 3 10 23 per kick) compared with the rate of BV decrease during the first 4 kicks (1.75 3 10 26 per kick). Ball speed has been the main biomechanical indicator of kicking success and also the outcome of various factors, but one of the most important factors is the speed of the foot before the impact which depends on some other factors, such as kinematics and kinetics of thigh and shank (3) .
In support of our findings, several authors have also shown that angular velocity of shank is faster than thigh, during forward and impact phases (2,3,7) . Dorge et al. (3) suggested that these differences in the angular velocity of the thigh between kicks and the angular velocity of lower leg originate from the rotator work on the shank. The shank angular velocity increases as the knee extends toward the ball, and it is the result of the moments exerted by the knee joint muscles that produces force to move the lower leg. Therefore, leg extensor is the major contributor to the leg swing during SIK. A higher rate of force development could cause larger muscle moments and more work done on the segments (3). In turn, joint and segmental movements during kicking are driven by simultaneous activation of a relatively large number of muscles (4) .
Our kinematics analysis showed that the TAV result of the sixth kick (TAV 1 ) were significantly lower when compared with the first kick. We observed that TAV is sustained at a high response level longer than LAV. Similar to our kinematics results, the kinetics findings also demonstrated that the TM (TM 6 ; 19.81 NÁm) level is sustained longer than LM (LM 4 ; 89.77 NÁm). Based on the data obtained, TM was least affected by fatigue compared with LM during the first 4 kicks. It seems that after the fourth kick, the fatigue leg extensor has an effect on LM that is reflected in the decrease of LAV consequently. The fatigue rate of LM 1-3 (1.266 3 10 24 per kick) is higher than the fatigue rate between TM 1-5 (1.609 3 10 22 per kick). However, the fatigue rate of LM 4-10 (0.1020 per kick) is lower than the fatigue rate between TM 6-10 (2.649 3 10 22 per kick). This observation suggests that the leg extensor was the main contributor during the initial phase of the 10 consecutive kicks. Subsequently, because of the increased fatigue rate in the leg extensors during the later stages of the trials, more work was transmitted from the leg extensors to the hip flexors.
These results indicate that high experienced and skilled adult male soccer players maintain high kinematics and kinetics responses and well-coordinated intersegmental motion during the first 5 kicks. The leg extensor muscles are mainly responsible during SIK, and after the fourth kick fatigue is observed which in turn affected the lower leg angular velocity rather than thigh angular velocity. Subsequently, the force generated from the leg extensors is transmitted to the hip flexors muscles.
PRACTICAL APPLICATIONS
We concluded that 5 consecutive kicks are adequate to maintain high kinematics and kinetics responses; in other words, this number of kick trials is optimal for the players to produce high ball velocity. Therefore, 5 consecutive soccer instep kicks can be a useful and proper drill during soccer training to sustain players' technique in maximum and optimum condition based on defined well-coordinated SIK and will result in high-ball velocity. The recent findings also suggest that coaches and trainers should design not more than 5 consecutive SIKs for their players during soccer training sessions. Moreover, such results are of great help for strength and conditioning trainers who are enthusiastic to use soccer skill during their specific trainings; because these findings suggest they use 5 consecutive instep kicks as the optimal number in designing their programs.
